Abstract: Many factors, including land use, management history, soil type, climate, and soil landscape processes, affect the dynamics of soil organic carbon (SOC). The primary objective of this research was to determine the SOC level in a timberland of west-central Illinois and then to compare the level with the SOC levels in adjacent cropland and pastureland after 150 years of agricultural use. The SOC concentration of various soil layers, to a depth of 0.5 m, was measured. The timberland contained 68.3 Mg C ha j1 in 2009. Results suggested that the cropland landscape retained 59.7 Mg C ha j1 or 87% of the total SOC in the timberland on a volumetric basis after the last 150 years of cultivation and cropland use. Soil erosion and sediment transport resulted in some SOC being deposited in lower landscape positions but retained in landscape. The other 13% net loss of the SOC storage was either deposited in the water or released to the atmosphere. The last 90 years of pasture use increased the SOC of the site as a result of C loading in the form of manure, which resulted in increased SOC storage and offset all previous losses of SOC caused by cultivation, soil erosion, and aeration. The current pastureland had 34% more SOC than the timberland in 2009 and 53% more than the cropland. These results suggest that if west-central Illinois timberland soils were cleared and used for cropland, cultivation and subsequent soil erosion and transported C-rich sediment will result in SOC redistribution on landscape with greater SOC retention in lower landscape positions, with SOC being released to streams or to the atmosphere. However, if timberland is converted to pastureland, significant amounts of SOC and soil organic N (SON) would be stored in soil as humus. Conversion of timberland to cropland reduced SOC storage, and conversion to pastureland increased SOC storage and retention.
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Key words: Organic carbon, soil erosion, soil loss, tillage, no-tillage, pasture. (Soil Sci 2012; 177: 269Y278) C hange in frequency and intensity of tillage practices alters the bulk density and soil organic carbon (SOC) in the soil profile. The SOC results have been reported on both a gravimetric or volumetric basis. Mann (1986) reported that the reduction in volumetric SOC of soils having an initial content of between 2 to 5% SOC (absolute) was 20% less after cultivation. He found that changes in SOC content were most pronounced during the first 20 years of cultivation. Ismail et al. (1994) observed a decrease in volumetric SOC in the 0-to 30-cm silt loam layer during the first 5 years, no change in the next 5 years, and an increase in SOC in the last 10 years in both no-till and moldboard plow in comparison with sod plots.
Plowing was the primary cause of oxidation of SOC and emission of CO 2 to the atmosphere. Land drainage of poorly drained nearly level soils and eroded well-drained sloping soils often resulted in higher rates of oxidation of SOC and emission of CO 2 to the atmosphere than for nearly level and well-drained soils without a significant water or wind soil erosion hazard.
Conversion of prairie or forestland to agricultural use represents a change in carbon flux between the soil and the atmosphere. The net flux of carbon between the soil and atmosphere is affected by (i) replacement of SOC at eroding sites as a result of plant inputs and decrease in SOC available for decomposition at the eroding site (Van Oost et al., 2007) , (ii) deep burial of carbon and inhibited decomposition especially if under anaerobic conditions (Van Oost et al., 2007) , and (iii) enhanced decomposition of SOC as a result of chemical and physical breakdown of soil during detachment and transport (Lal, 2003) . This change occurs as a result of reduced carbon inputs to the soil and the accelerated decomposition of SOC (Six et al., 1998; Davidson, 1993) . Soil erosion removes SOC from the site of formation and results in its burial in depositional environments.
Agricultural activities affect the emissions of CO 2, CH 4 , and N 2 O to the atmosphere caused by deforestation, biomass burning, biomass decay, ruminant animals, and SOC decomposition from plowing, organic fertilizer application, and use of manure. Deforestation resulted in greenhouse gas emissions caused by biomass burning, biomass decomposition, and mineralization of SOC content. The exact magnitude of emissions caused by SOC mineralization is not known (Lal et al., 1998) .
Accelerated soil erosion exacerbates carbon emissions (Clark et al., 1985; Flach et al., 1997; Lal, 1995; Paul et al., 1997) . It is widely accepted that 20% of the carbon dislocated by erosion may be released eventually into the atmosphere (Lal, 1995) . For sediment transport, Meade and Parker (1984) and Leeden et al. (1991) determined that 10% of the eroded sediment is eventually transported to the ocean and other aquatic ecosystems (or a sediment delivery ratio of 10%). Kreznor et al. (1990) found that the average sediment delivery ratio to a first-order stream from cropland in the loess covered landscapes of Iowa and Illinois was approximately 0.56. Van Oost et al. (2007) examined the fate of the SOC exported from eroded areas at 10 different sites. They found that 53% to 95% of the eroded carbon was conserved and found to be redeposited within the watershed. Lal et al. (1998) estimated that the SOC content of the sediment displaced by cropland erosion would result in 70% being redistributed over the cropland and retained primarily on lower landscape positions, 20% of SOC in sediment being emitted to the atmosphere primarily as CO 2 , and 10% being delivered to the ocean and other aquatic ecosystems. Lal (1995) estimated the SOC content in the sediment to be approximately 3%. Follett et al. (1987) suggested that SOC has a C/N ratio of 12:1. Soil erosion rates can be determined by using the Universal Soil Loss Equation (USLE) (Walker and Pope, 1983 ) and the Revised Universal Soil Loss Equation, version 2 (RUSLE2) (Widman, 2004) . Once the landscape, historical soil management, and land use are known, the total amounts of soil erosion per year, by landscape segment and over time, can be determined. Olson et al. (2011) found that a cropland landscape retained 52% of the total SOC on a volume basis during the last 150 years of cultivation, soil erosion, and agricultural use. The other 48% of the SOC was either deposited in the waterway or released to the atmosphere.
The primary objectives of this research were to determine (i) the SOC in timberland and compare with the SOC levels of cropland and pastureland after 150 years of agricultural use and (ii) the effects of agricultural use including row crops, pasture and C inputs, aeration, cultivation, grain removal, organic and inorganic fertilizers, and soil erosion and sediment deposition on the net SOC retained by landscape position and for the total landscape in each land use.
MATERIALS AND METHODS
The sloping timberland, cropland, and pastureland study sites are located in Spoon River Valley of west-central Illinois (Fig. 1) [1985Y2009] ). Contour farming was not used. Plowing and tillage were applied in the spring rather than fall. Since 1985, the farmers used a management level with high input levels when producing corn.
The soils at the study sites include Rozetta (fine-silty, mixed, superactive, mesic Typic Hapludalfs), Hickory (fineloamy, mixed, active, mesic Typic Hapludalfs), and Lawson (fine-silty, mixed, superactive, nonacid, mesic Aquic Cumulic Hapludalfs) (Soil Survey Staff, 1999) . Soil horizonation for these soil profiles are provided for all three land-use sites in Table 2 . The Hickory, Rozetta, and Lawson soils were present on all three paired land uses. The cropland landscape was cultivated between 1860 and 2009. For the last 25 years, corn was grown continuously, with the primary tillage changed from moldboard plow to chisel plow and the fertilizer inputs changed from organic (including manure) to inorganic. When tillage systems were used, the depth of the straight-shanked chisel plowed was 0.15 m, with disking to 0.05 m, and when moldboard plowed, the depth of tillage was 0.17 m, with disking to 0.05 m. The current pasture area was used for cropland from 1860 or 1919. The timberland was never cultivated during the last 150 years (since European settlement). There were 150-yearold bur oak (Quercus macrocarpa Michx.) trees with diameters as large as 1 m in the border fence and in the adjacent timberland that provided additional evidence that the site was never cleared or cultivated. Other trees in the native forest included white oak (Quercus alba L.), northern red oak (Quercus rubra L.), shagbark hickory (Carya ovato [Mill.] K. Koch), and silver maple (Acer Sacchariuum L.). Soil samples were collected and tested separately from three replicate transect observations spaced 1 m or pedon apart at each of the timberland, cropland, and pastureland landscapes (Fig. 1) . The more extensive backslope position was subdivided, resulting in samples being collected for each of the following landscape segments (interfluve, shoulder, upper backslope, lower backslope, footslope, and toeslope) on each land-use transect. Three 3.2-cm-diameter soil cores were sampled 1 m or pedon apart at each transect point using a hand soil probe (to avoid mixing) to a depth of 0.5 m. The soil cores were cut into four segments (0Y0.075, 0.075Y0.15, 0.15Y0.30, and 0.30Y0.50 m) for the laboratory analysis. Samples were analyzed for SOC on a mass basis separately by transect, depth, landscape position, and land use. Samples were dried at room temperature, sieved to pass a 2-mm sieve, and subsequently analyzed for SOC. After removal of plant residue, SOC content was determined using the modified acid-dichromate organic carbon (without external heat source, so only internal heating was from the H 2 SO 4 used as a reagent, so the oxidation was not complete and a correction factor was required for all 216 soil samples) (procedure number 6A1, Soil Survey Staff, 2004) . Field moist core bulk density was determined (Soil Survey Staff, 2004 ) using a Model 200 soil core sampler (5.6 cm diameter and 6 cm high) manufactured by Soil Moisture Equipment Corp. (Goleta, Calif ). The bulk density values measured at 1 to 7 cm, 8 to 14 cm, 20 to 26 cm, and 37 to 43 cm for each layer (0Y0.075, 0.075Y0.15, 0.15Y0.30, and 0.30Y0.50 m) were used to convert the SOC on a mass basis to a volumetric basis. The SOC volumetric values were determined for each transect (3), depth (4), landscape position (6), and land use (3). In all, SOC content was determined for 216 soil samples. Each land-use mean SOC values were compared for the same depth and landscape position.
Statistical analyses were performed using Statistical Analysis System computer software (SAS Institute Inc., 2002) . A least significant difference procedure was performed at the P = 0.05 level to determine if there were significant SOC differences between replicate land-use treatments of a landscape segment and depth interval.
RESULTS AND DISCUSSION
The landscape segment bulk densities for cropland, pastureland, and timberland were used to convert the SOC concentration from a gravimetric basis to volumetric basis. The SOC concentration at the timberland, cropland, and pastureland sites decreased with depth (Table 3 ). The 0-to 0.15-m surface layer of the timberland soil contained a greater amount of SOC than the thicker (0.15Y0.50 m) underlying subsurface layer for all comparison landscape segments. The SOC concentrations of the 0-to 0.15-m surface layer of the pastureland (Table 3) were significantly higher for comparison landscape segments (interfluve, shoulder, upper backslope, lower backslope, footslope, and toeslope) than for the similar cropland landscape segments. However, the timberland backslope positions were similar to the pastureland and lower for the interfluve, shoulder, and toeslope. The SOC concentrations of the 0-to 0.15-m surface layer, subsoil layer (0.15Y0.50 m), and the combined 0.00-to 0.50-m layer were all significantly higher for the pastureland. The timberland was significantly higher than the cropland for the same soil layers for all landscape positions, except the toeslope, where sediment accumulated. The SOC content of the total soil profile (0Y0.5 m) was determined for each landscape segment (Table 4 ). The length of each landscape segment was measured and divided by the total transect length of paired land-use sites and expressed as a decimal (Table 4 , column 4). The relative size (length and part of total transect as a decimal) of each landscape segment was weighed for each transect. The mass of SOC in each landscape segment was significantly higher for the timberland than for the cropland at all paired landscape segments. The mass of SOC in the timberland paired landscapes was significantly higher (68.3 vs. 59.7 Mg C ha j1 ) than the cropland. In a previous study (Olson et al., 2011) , the timberland had significantly higher SOC (61.2 Mg C/ha vs. cropland with 31.8 Mg C/ha). The loss of j8.7 Mg C ha j1 from this cultivated site in 150 years of row crops suggests that cropland retained only 87% of the SOC level of the paired timberland or resulted in a net j0.06 Mg C ha j1 year j1 loss since initial cultivation. The masses of SOC in each pastureland landscape segment and transect were significantly higher (91.8 vs. 68.3 Mg C ha j1 ) for the pastureland than for the timberland at all paired landscape segments.
The lower footslope and toeslope landscape position received deposition (sediment rich in SOC) from the cultivated interfluve, shoulder, upper backslope, lower backslope. In addition, the toeslope also received sediment from the surrounding watershed. The pastureland had 34% more SOC than the timberland (Table 4 ) as a result of 90 years of permanent pasture. The gain of 23.4 Mg C ha j1 of pastureland above the timberland site was determined and resulted in a net 0.156 Mg C ha j1 year j1 gain since initial clearing. Assuming that the current pastureland area had lost SOC at the net j0.06 Mg C ha j1 rate when cultivated from 1860 to 1919, the pastureland area would have started with a 3.5YMg C ha j1 deficit in 1920, which would have to be restored before it could increase the SOC levels above the original timberland. Consequently, the rate of SOC storage would have to have been 0.23 Mg C ha j1 year j1 for the last 90 years instead of the 0.16 Mg C ha j1 year j1 that was originally calculated. The 90 years of pastureland resulted in 32.2 Mg C ha j1 increase over cropland or a net increase of 0.36 Mg C ha j1 year j1 . The soil erosion amounts for the cropland and pastureland using USLE and RUSLE2 equations based on historical and Table 2 were calculated and are presented in Table 5 . Clearly, the landscape segments with the greatest slope length and steepness factor had the highest soil erosion rates. The C level in the eroded soil was provided in the last column by the time period. We assume that the SOC levels of the current timberland, pastureland, and cropland areas were the same 150 years ago when all areas were in forest. This is probably a reasonable assumption because the landscapes were similar. The primary difference was that the timberland in 2009 was converted to cropland by one land owner who cleared of trees in 1860s and cultivated that tract, another land owner cleared the trees in 1860s and grew cultivated crops for 60 years before converting the area to a permanent pasture (last 90 years), whereas the third land owner left the landscape in timberland. As a result of the location of the timberland tract and surrounding soils with even greater steepness, the third site remained in timberland for the next 150 years. The size of the Burr Oak trees, absence of Ap horizon, air photographs, old property records and land-use maps, and topographic maps all suggest that the timberland was never cleared and farmed.
The pastureland was initially cleared of trees and cultivated from 1860 to 1919. Most likely, the tree tops, stumps, and fine and coarse plant residue were most likely pushed into piles and burnt to permit cultivation. Some trees may have been harvested as lumber. Once cleared, the cropland soils would have had approximately the same SOC amount as the timberland, but cultivation upslope and downslope (with up to a 13% slope gradient) would have resulted in sheet, rill, and gully erosion. During the 150 years, a sequence of farmers on the cultivated site put the area into row crops. Before 1984, the fertilizer would have included more organic (manure) than inorganic. In addition, the moldboard plowing for crops would have resulted in mixing and aeration of the topsoil, which would have enhanced microbial activity, and CO 2 would have been released to the atmosphere. Because most of the cultivated area is sloping, there would have been little impact from surface and subsurface drainage (aeration), but there was an additional loss of soil as a result of water erosion. The sediment and SOC from the cultivated field would either be delivered to the stream, the atmosphere, or transported and deposited on the lower landscape segments, including the footslope and toeslope. Some of the SOC delivered to the stream could eventually be returned to the atmosphere as methane gas or carbon dioxide before it was delivered to the Gulf of Mexico. The Lawson soils might have been too wet from periodic flooding to have been cultivated initially.
Carbon is lost from the soil as a result of land-use change and initial cultivation and lost from eroded soil as sediment. The SOC in sediments is either retained on lower landscape (and counted at other transect sample sites) or released to water or atmosphere as shown in Table 6 . These numbers are based on the measured timberland SOC of 68.3 Mg C/ha and the established literature that 20% would be lost because of initial cultivation (j13.7 Mg C/ha). The amount of soil loss during the 150 years was determined, and then the Lal et al. (1998) model was applied, where 70% would be retained on the upland, 20% would go to the atmosphere, and 10% to the ocean. The mass of C reduction from land-use change and initial cultivation was j13.7 Mg C ha j1 (Gregorich et al., 1998) , and the mass of C in eroded soil was j87.2 Mg C ha j1 (Lal, 1995) . Using the Lal et al. (1998) estimates, approximately, 10% or j8.7 Mg C ha j1 of the mass of C in eroded soil was released to the water, 20% or j17.5 Mg C ha j1 to the atmosphere, and the other 70% or j61.1 Mg C ha j1 was retained on lower landscape. The sediment In the last 2 columns of Table 6 , the calculated mass of C lost from initial cultivation and transferred to water in sediment or lost from sediment to atmosphere or leached are compared with the measured mass of C difference between timberland and cropland. The net mass of C lost from cultivation and sediment was significantly different from the measured mass of C difference between timberland and cropland ( ). The calculated mass of C lost from cultivation and erosion was j39.8 Mg C ha j1 (Table 6 , column 7), and the measured mass of C (difference between land uses) was j8.1 Mg C ha j1 (Table 6 , column 8) or j31.8 Mg C ha j1 (80%) lower. The pastureland calculated mass of C transported in sediment was j44.7, and the net C lost from cultivation and to the water or the atmosphere in sediment was j27.1 Mg C ha j1 . As shown in Table 7 , the amount of N in the humus was estimated to be 12:1, so the N content was calculated and assumed to be lost to the atmosphere or leached. The C loss was assumed to be released in the form of CO 2 to the atmosphere because it is a well-aerated site. As a result of clearing and cultivation, the timberland landscape segments would have lost 20% of the C as CO 2 and 20% of the N to the atmosphere or was leached (Table 7) . This 20% loss estimate was based on the low end of the range (20%Y50%) reported in other studies (Gregorich et al., 1998; Houghton, 1995; Janzen et al., 1998 , Kern, 1994 Lal, 1998; Mann, 1986 Mann, , 1985 , where timberlands or grasslands were converted to cropland and cultivated. Therefore, 68.3 Mg C ha j1 of C were lost from land-use change and cultivation, with 13.7 Mg C ha j1 being released to the atmosphere and 50.0 Mg CO 2 ha j1 and 1.1 Mg N ha j1 being released to the atmosphere or leached.
The mass of C (Table 8) in the eroded cropland soil and transported as C-rich sediment was 87.2 Mg C ha j1 , which includes a measured SOC value of the topsoil at the time of the erosion. The amount of soil erosion was calculated from the RUSLE2 model. Therefore, using the Lal et al., 1998, estimates, 61 .1 Mg C ha j1 was retained as sediment on the upland, 8.7 Mg C ha j1 was released to the water, and 17. . If the CO 2 released to the atmosphere was a result of land-use change to cropland and followed by pastureland, the combined CO 2 release from eroded soil to the atmosphere during the past 150 years would be 82.8 Mg CO 2 ha j1 . The mass of N in eroded sediment of the cropland (Table 9) would be 6.9 Mg N ha j1 and 3.7 Mg N ha j1 in the pastureland. The N lost as a result of initial cultivation to atmosphere in sediment transport to water or leached would be 2.5 Mg N ha j1 for cropland and 1.9 Mg N ha j1 for pastureland. The pastureland estimate assumes that the cleared forest was put directly into pastureland without cultivation. The consequences of the land use change would include clear cutting of the forest, burning of the trees tops and stumps, and the eventual decay of the tree residue. Once the agricultural use was established, cultivation would result in at least a 20% loss of C to the atmosphere as CO 2 based on other studies (Gregorich et al., 1998; Houghton, 1995; Janzen et al., 1998; Kern, 1994; Lal, 1998; Mann, 1986 Mann, , 1985 . If the site is sloping, the water erosion process will start and result in additional C and N being transported in the sediment, with approximately 70% being retained in the landscape, 20% or more to the atmosphere, and 10% delivered to the ocean (Lal et al., 1998) .
CONCLUSIONS
The cropland landscape retained net 87% of the total SOC of the timberland on a mass basis after 150 years of agricultural use. The causes of the net 13% reduction in SOC included landuse change, tillage, mixing, fertilization, and soil erosion, which more than offset the C inputs in the form of plant residues high in C and manure. This study only included SOC and did not attempt to address or include the amount of C stored in aboveground timberland trees or cropland plants or in their root systems. The amounts of SOC retained on both landscapes were significantly different. The agricultural land had significantly lower SOC levels in both the surface and subsurface layers. The years with pasture may have increased the SOC mass of the cropland site and offset losses caused by erosion and aeration as a result of tillage. Approximately 20% of SOC in timberland was oxidized during the first 40 to 50 years of land-use change and after initial cultivation (Gregorich et al., 1998) . The amount of soil erosion during the last 150 years was determined, and the SOC content of the sediment was measured, with 70% of the sediment and SOC retained on the landscape, an additional 20% released to the atmosphere as CO 2 and 10% transport to the Gulf of Mexico.
